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BACKGROUND OF THE INVENTION 
This invention relates to a fan blade in solid material for a gas-turbine engine. 

The fan blades are the foremost rotating components of a gas-turbine engine. Be- 
10 sides the inflowing air, these blades are exposed to ingested foreign bodies, such as 
birds, primarily in the take-off phase. In order to withstand the extremely high loads, 
in the event of a bird strike for example, the fan blades, which are made of a solid 
high strength-material, such as titanium or a corresponding alloy for example, must 
be dimensioned adequately. The high weight resulting therefrom significantly in- 
15 creases the costs of these blades and entails high mechanical loads arising from the 
natural vibrations and the vibration amplitude as well as the centrifugal forces. Fur- 
thermore, the fan protective casings, or fan containments, must be designed in cor- 
respondence with the weight of the fan blades. This involves a further increase in 
weight and additional costs. 

20 

For high-power aircraft engines, fan blades with closed, inner cavities have already 
been proposed to reduce the weight and to avoid the disadvantages resulting from 
too high a mass. The methods for the production of such hollow blades described, 
for example, in Specifications US 6,033,186 and US 5,692,881 are, however, very 
25 costly. Particularly with small and medium-power engines, the high costs for such 
hollow fan blades are not effective in relation to the weight saving obtained and the 
advantages resulting from such a weight saving. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention, in a broad aspect, provides for the development of a mass- 
reduced and mechanically highly loadable fan blade for gas-turbine engines which is 
easily and cost-effectively manufacturable and satisfies high safety requirements, 
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It is a particular object of the present invention to provide solution to the above prob- 
lems by a fan blade designed in accordance with the features described herein. Fur- 
ther objects and advantages of the present invention will be apparent from the de- 
scription below. 

10 

The basic idea underiying the present invention is that a fan blade made of a solid 
material, for example a titanium forging, is provided, in a limited blade tip area, with a 
cavity starting out from the blade tip face or with several cavities separated from 
each other by reinforcing ribs. In other words, the major part of the fan blade, starting 
15 out from the blade root, consists of a solid material, while only a limited area at the 
blade tip is provided with cavities extending to the blade root. The cavity extends 
only over a blade area which is subject to relatively low operating loads. The operat- 
ing loads in the cyclic mode are preferably < 150 Mpa (Megapascal). 

2 0 The cavities are formed directly into the solid material, for example by an electro- 

chemical machining process. It is also possible to make the fan blade in two parts, 
namely a solid blade portion (solid blade root portion) and a separately produced 
hollow blade portion (hollow blade tip portion), with both portions being connected by 
a joining process. The separately produced hollow blade portion can also be made 
25 from a sheet-metal shell and be constructed of a material other than that of the solid 
blade portion. 

With a relatively low and, in particular, easily obtainable weight reduction in a limited 
area extending from the blade tip, the centrifugal forces and stresses present at the 

3 0 blade root can be reduced considerably or be set optimally. For example, a weight 

reduction in the tip area of 3 percent enabled the centrifugal forces effective at the 
blade root to be reduced by 12 percent. The saving of mass only in the tip area by 
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cavities formed from the free face reduces the effective length of the blade mass on 
the whole, namely in terms of a shortening of the blade, thus reducing the vibration 
amplitudes and raising the natural frequencies, resulting in considerably lower stress 
and damage to the fan blades. If several cavities are provided side by side and apart 
5 from each other, the reinforcing ribs formed between these cavities contribute to the 
mechanical strength of the blade tip portion. A further, significant advantage of the 
proposed fan blade is its simple, cost-effective manufacturability, in particular since 
the cavity forming process can be included in the normal manufacturing technologies 
for solid fan blades without any difficulty. 

10 

The length and the cross-sectional size and shape of the cavities are variable over 
the width of the fan blade. Preferably, the central cavities are longer and larger than 
the sideward cavities, and, particularly preferably, the cavity situated close to the 
leading edge has the shortest length and the smallest cross-sectional size. The ar- 
15 rangement and the shape and size of the cavities in the blade tip enable the stress 
distribution in the blade root to be optimally set. It is an essential criterion of the pre- 
sent invention that the size and design of the cavities extending from the blade tip 
does not influence the stiffness of the fan blade. 

20 In accordance with a further feature of the present invention, the fan blade can also 
be made of two, separately produced parts, namely a solid blade root portion and a 
blade tip portion with the formed-in cavities, with both portions being connected by a 
known joining process. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is more fully described in the light of the accompanying draw- 
ings showing an embodiment. In the drawings. 

Fig. 1 is a top view of an inventive fan blade for a gas-turbine engine, 
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Fig. 2 is a side view of the upper part of a fan blade with cavities indicated by 
broken lines, 

Fig. 3 is a section A-A in accordance with Fig. 1 showing a cross-section of a 
5 cavity provided in the fan blade, 

Fig. 4 is a side view of a fan blade including a solid lower portion and a hollow 
blade tip portion, and 

10 Fig. 5 is a view showing pockets produced from the blade suction side which 
subsequently are closed with aerodynamically conformal plates. 


DETAILED DESCRIPTION OF THE INVENTION 
This detailed description should be read in conjunction with the summary of the in- 

15 vention above. The titanium fan blade shown in Fig. 1 comprises a blade root 1 and 
a blade tip 2. It has a leading edge 3 and a trailing edge 4. Arranged in the upper 
third of the fan blade, the blade tip portion 8, are cavities 5 which start out from the 
blade tip 2 and which are separated by reinforcing ribs 6. The reinforcing ribs 6 and 
the thickness of the remaining blade wall 7 ensure the stiffness of the fan blade and 

20 the required shear stress transfer. The cavities 5 have an essentially rectangular 
cross-sectional shape. Other shapes, for example round or oval, are also possible. 
As is shown in Figures 2 to 4, the cavities 5 are situated only in the tip area, or ap- 
proximately in the upper third of the fan blade, with the remaining area, the blade 
root portion 9, being solid. The contour of the longitudinal axis of the long cavities 5 

25 conforms to the shape of the fan blade. For example, the longitudinal axis of the 
cavities 5 situated in the blade upper third follows the twist of the fan blade shown in 
Fig. 1. As is shown in Fig. 3, the cross-sectional area of the respective cavity 5 
gradually decreases in its lower part (in the blade interior) to keep low the notch 
stresses at the transition to the solid portion of the fan blade. 
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As becomes apparent from Figures 2 and 4, the cavities 5 in one and the same fan 
blade can extend over different depths into the solid material and can also have dif- 
ferent cross-sectional sizes. For example, the cavity 5 situated at the leading edge 3 
is sufficiently spaced from the leading edge and also has a smaller cross-section and 
5 a shorter length to provide for the high loads which occur in this area in the event of 
a bird strike. In the blade mid-section, however, the cavities 5, as shown in Fig. 2, 
extend deeper in order to remove as much material as possible from the solid in this 
area of high wall thickness and achieve a significant weight reduction. 

10 A further variant of the present invention is illustrated in Fig. 4. Here, the fan blade is 
made of two, separately produced parts, namely a hollow blade portion 8' and a solid 
blade portion 9', with both portions being connected at joint 1 1 by a suitable joining 
process. 

15 Starting out from the blade tip 2, the cavities 5 can be produced by a suitable proc- 
ess, for example erosive electrochemical machining. In the case of the fan blade 
made of two portions (8', 9'), which allows an even larger weight saving, it is also 
possible to use a different material for the hollow blade portion 8' to improve its bird 
strike strength, for example titanium with higher ductility (such as TiCu2 or Ti64 half). 

20 A separately made blade tip portion 8' can also include a sheet-metal shell made of 
titanium-base precision casting. Fig. 5 shows an embodiment where open pockets 
are created on the blade suction side and which are subsequently closed with aero- 
dynamically conformal plates 10 at joint 11 to create the cavities 5. 

25 


